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Background: High birth weight (BW) is a risk factor for later obesity. In Norway, mean BW and proportion of large
newborns increased from 1989 to 2000 and subsequently decreased to the 1989 level by 2010. The purpose of the
study was to explore causes of this temporary increase.
Methods: From a regional prospective database pregnancy and newborn data were extracted for all 33088
singleton pregnancies resulting in live infants born at term without malformations during 1989–2010. Trends in BW,
ponderal index and proportion of large newborns were related to individual prenatal exposures, including
pre-pregnancy body mass index (PP-BMI) and gestational weight gain (GWG) for the years 2001–2010, and
thereafter related ecologically to national population data on consumption of nutrients and physical activity.
Results: For the regional cohort mean (standard deviation) BW increased from 3580 (453) grams in 1989/90 to 3633
(493) grams in 2001/02 (p<0.001), and decreased to 3583 (481) grams in 2009/10 (p<0.001). The proportion with
BW>4500 grams increased from 2.6% to 4.8% (p<0.001) and subsequently decreased to 3.3% (p=0.002). The trends
remained after adjustment for relevant exposures. For the years 2001/02 to 2009/10 (n= 15240) mean (SD) PP-BMI
increased from 24.36 (4.44) to 24.85 (5.02) kg/m2 (p<0.001) while GWG decreased from 14.79 (5.85) to 13.86 (5.79)
kg (p<0.001). The estimated net effect of changes in PP-BMI, GWG and other known exposures was a 6 grams
reduction in BW from 2001/02 to 2009/10, leaving 44 grams reduction unexplained. National consumption of major
nutrients did not change, but consumption of sucrose, in large part as sugar-sweetened beverages (SSB) changed
in parallel to the BW trends.
Conclusion: The temporary increase in BW and large babies in the regional cohort was identical to that reported
for Norway. Individual level data on known pregnancy related predictors for BW could not explain these changes,
but the parallel time trend in national consumption of sucrose, in particular as SSB, may lend support to a
hypothesis that intake of sugar may have a direct effect on BW and infant body proportions independent of effects
through PP-BMI and GWG.
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The rapidly increasing prevalence of overweight and
obesity (OWOB) is of major health concern, and all rele-
vant risk factors need to be addressed in order to curtail
this epidemic. High birth weight (BW) is associated with
increased risk of later OWOB [1], and a suggested
mechanism is fetal programming following intrauterine
overnutrition [2,3].
Data from the Medical Birth Registry of Norway
(MBRN) revealed a temporary increase in mean BW
(50 grams) and proportion of newborns with BW above
4500 grams (50 % increase, from 3.2 to 4.9 %) from 1990
to 2000, followed by a corresponding decrease during
the years 2000–2010 [4,5]. The proportion of newborns
with BW under 2500 grams was unchanged. The same
development in BW was also observed in our regional
pregnancy and birth registry.
The aim of the present study was to assess possible
causes of the temporary increase in BW and proportion
of large babies. The effects of potential predictors on
BW were assessed in a representative regional cohort of
pregnant women in Norway, using multiple regression
analyses. In addition, the development in BW was Complete birth cohort 1989 – 2010 
n = 40812 
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Figure 1 Characteristics of the regional cohort. a Estimated date of delirelated ecologically to population level national data on
nutrient consumption and physical activity. The hypo-
thesis was that the temporary increase in BW could not
fully be explained by changes in obstetric practices or
maternal behavior known to influence BW, such as
smoking and maternal weight.Methods
Regional cohort
Since 1989 information on all pregnant women who
gave birth at the two only obstetric departments in
Oppland County, Norway, and their newborns were pro-
spectively and routinely registered in a local countywide
database, which thus covers nearly all births in the
county. Expected date of delivery (EDD) was assessed by
routine ultrasound at 17–18 weeks’ gestation. Demo-
graphic, behavioral and medical information were sys-
tematically collected at this examination and at birth. At
birth, data registered in the standard pregnancy health
record, which is updated for every woman on each pre-
natal visit in primary and specialty pregnancy care, were
added to the register. Registration of maternal height,01-2010) 
o assisted reproduction, 
vere chronic somatic or 
des or known risk of 
ion of birth or caesarean 
 of delivery based on 
ss than 14 days. 
Exclusions:
Twins:    1342 
Stillbirths/neonatal deaths:       281 
Congenital malformations:   586 
Missing EDDa and GAb:   937 
Premature births:  2103 
Post-term births:  2475 
very; b Gestational age; c Body mass index.
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(GWG) started from 2001.
For the present analyses, mother-child dyads of single-
ton live born infants without malformations born at
term (37–42 completed weeks) were extracted from the
database (Figure 1). Analyses were also performed on a
selected group of normal pregnancies and deliveries
(homogeneous subset) for the years 2001–2010, i.e. age
21–37 years, pre-pregnancy body mass index (PP-BMI)
18.5-24.99, no smoking or substance abuse, no assisted
fertilization, no diseases or pregnancy complications,
spontaneous onset of labor and vaginal delivery (Figure 1).
The purpose of also performing analyses in the subset
was to reduce possible confounding, for example by time
trends in obstetric practices.
Variables assumed to be of potential importance for
BW and crown-heel length were extracted from the
database. Gestational age at birth was assessed on basis
of the ultrasound examination at 17–18 weeks' gestation
if performed, otherwise on last menstrual period. The
same methods were adhered to for the whole 22 year
period [6]. PPW and maternal height were registered if
obtained within the first 8 weeks of pregnancy. GWG
was the difference between the weight obtained on ad-
mission for delivery and the PPW. Preeclampsia was
defined as diastolic blood pressure > 90 mmHg and pro-
teinuria, and gestational diabetes as fasting blood glu-
cose > 6.1 mmol/l or 2-hour-glucose-level > 7.8 mmol/l
on an oral glucose tolerance test. BW and crown-heel
length were recorded immediately after birth. Macroso-
mia was defined as BW above 4500 grams. Ponderal
index (PI) of the baby was calculated as BW (kg) divided
by the third power of crown to heel length (m3) [7].
National data on nutrition and physical activity
Estimates of nutritional intakes through the study period
were based on reports from the Norwegian Directorate
of Health [8] describing trends in consumption of ener-
gy and nutrient groups in the population. These reports
are based on yearly consumer registrations (all food and
drinks purchased by a nationally representative selection
of households) conducted by Statistics Norway, on
results from other specified population surveys, and on
food industry sales data. All sugars are imported, and
estimates of annual per capita gross consumption of
added sugars in the data from the Norwegian Health
Directorate, included that of SSB, were based on reports
of sugar imports.
The Statistics Norway registrations do not include
out-of-home consumption, and soft drinks are under-
reported [9],[10]. Consumption of sugar-sweetened be-
verages (SSB) was therefore based on national sales
figures reported by the organization of industrial beve-
rage producers in Norway [10],[11]. The assumption thatpregnant women consumed SSB similar to the national
average is supported by studies on Norwegian pregnant
women during the studied period [12,13].
Norway has small regional differences in socioeco-
nomic characteristics, and the regional cohort (Oppland
county) scores close to the Norwegian average on public
health statistics. The appropriateness of estimating over-
all nutrition on national data are further supported by a
comprehensive national nutritional survey [14] which
showed that intakes based on detailed registrations by a
representative proportion of the population was similar
to that reported from the Statistics Norway surveys. Fur-
thermore, the Norkost study [14] showed small differ-
ences in intake of most main food and nutrient groups
between regions and socioeconomic groups, and the nu-
trient intakes of 20–40 year old women were similar to
that of pregnant women in a nationwide study [13] ex-
cept for a somewhat higher intake of energy, and carbo-
hydrates in terms of cereals, fruits and fruit juice among
the pregnant women.
Estimates of trends in physical activity were based on a
biannual nationally representative surveys of self-reported
activity for 20–40 year old women for the years 1989–2009
([Norwegian Monitor 1989–2009, Synovate], Gunnar
Breivik, personal communication, 2011), and trend estima-
tes for work related physical activity were based on a study
combining fifty-two Norwegian population studies [15].
Data analyses
Since BW parameters increased until 2000/01 and sub-
sequently decreased, and since registration of maternal
PP-BMI and GWG started from 2001, the two time peri-
ods 1989–2000 and 2001–2010 were first compared for
potential explanatory and outcome variables using t-tests
and chi-square tests as appropriate. Each period was then
assessed separately for time trends using simple regres-
sion analyses; linear regression analysis for continuous
and logistic regression analysis for dichotomous vari-
ables. For continuous response variables the estimated
effect sizes are presented as regression coefficients
(B-values) with 95% confidence intervals (CIs), e.g. the
change in BW per one unit change in predictor, and the
explained variance for a model (adjusted R2) is given.
For dichotomous response variables the estimated effect
sizes are presented as odds ratios (ORs) with 95% CIs.
To assess possible non-linear trends spanning the
1989–2010 period, and comprehensively adjust for
effects of individual variables on BW and PI, we used
multiple fractional polynomial model regression analysis
(MFPR) [16]. Variables with a plausible explanatory po-
tential were first assessed for correlation with BW.
Those with a correlation coefficient higher than 0.025
(Spearman rho) and a significance probability (p-value)
less than 0.1 were initially included. “Year of birth” (YOB)
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http://www.biomedcentral.com/1471-2458/12/901values were transformed to a range from 0 to 21. There-
after the MFPR models were developed with variables
being selected and kept in the model using a stepwise
process. P-values ≤ 0.05 were considered significant. Mis-
sing data were excluded listwise in the regression analyses.
MFPR was also performed separately for the period 2001–
2010 to evaluate effects of including PP-BMI and GWG as
explanatory variables. Binary logistic regression was per-
formed to assess the adjusted effect of YOB on macroso-
mia rate for 1989–2000 and 2001–2010 separately.
Adjusted BW estimates isolating the effects of YOB on
BW and PI trends were calculated using MFPR models.
This procedure isolates the effect of an individual pre-
dictor, ”partial prediction”, by setting the values for all
other predictors to the lowest alternative for dichotom-
ous variables, and to the population mean for continuous
variables. In MFPR models adjusted effect estimates for a
continuous predictor can be modeled in terms of frac-
tional polynomials, and may therefore vary non-linearly. If0
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Figure 2 Time trends in birth characteristics and consumption of sug
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regional cohort shown together with national consumption of sugar-sweet
Oppland 89-10" was obtained from the 1989-2010 Multiple Fractional Polynadequate, multiple linear regression analyses were per-
formed to simplify presentation of effect estimates for
continuous predictors.
Net effects of significant exposure variables on change
in BW from 2001/02 to 2009/10 were estimated. For
continuous variables effect sizes from multiple regres-
sion analyses were multiplied by actual changes in mean
values. For dichotomous variables the change in number
of exposed subjects (calculated as the mean number per
year for the years 2009/2010, i.e. 1650, multiplied by the
percent change in number exposed) was divided by the
mean number of births in 2009/10 (n = 1650) and multi-
plied by the effect size of the predictor.
Statistical analyses were performed using SPSS version
15.0.1 (SPSS Inc; 2006), except for the MFPR analyses
which were performed using Stata version 12 (Stata
Corp LP; 2011).
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Table 1 Pregnancy and newborn characteristics of the regional cohort (Oppland county) born at term from 1989 to 2010
Response variable Births 1989–2000 (n = 17848)a Births 2001–2010 (n = 15240)b Comparingj 89-00a vs 01-10b Homogeneous subsetd 2001–2010 (n = 4214)c
Continuous variables Mean (SD) B (per year)e (95 % CI) Mean (SD) B (per year)e (95 % CI) p-value Mean (SD) B (per year)e (95 % CI)
Maternal age (years) 28.1 (4.9) 0.16 (0.13, 0.18) ** 29.4 (5.1) 0.03 (0.00, 0.06) * 0.001 29.1 (4.2) −0.03 (−0.07, 0.02)
Maternal height (cm) naf - 167.5 (6.1) −0.02 (−0.06, 0.01) naf 167.8 (6.1) −0.06 (−0.00, -0.13) *
Pre-pregnant BMIg (kg/m2) naf - 24.7 (4.8) 0.07 (0.04, 0.10) ** naf 22.0 (1.7) −0.01 (−0.03, 0.01)
Gestational weight gain (kg) naf - 14.1 (5.7) −0.12 (−0.08, -0.16) ** naf 14.7 (4.7) −0.11 (−0.06, -0.16) **
Gestational age (days) 279.6 (7.8) 0.10 (0.06, 0.13) ** 279.5 (7.9) −0.12 (−0.08, -0.16) ** 0.522 280.2 (7.3) −0.15 (−0.08, -0.22) **
Birth weight (gram) 3611 (487) 4 (2, 7) ** 3609 (485) −7 (−4, -10) ** 0.687 3607 (435) −12 (−7, -16) **
Birth length (cm) 50.8 (1.9) −0.01 (−0.01, -0.02) ** 50.6 (1.9) −0.01 (−0.00, -0.02) * < 0.001 50.6 (1.8) −0.02 (−0.00, -0.04) *
Ponderal index (kg/m3) 27.6 (2.3) 0.06 (0.05, 0.07) ** 27.8 (2.4) −0,04 (−0.02, -0.05) ** < 0.001 27.7 (2.3) −0.05 (−0.03, -0.08) **
Head circumference (cm) 35.3 (1.4) −0.01 (0.00, -0.01) * 35.5 (1.4) 0.04 (0.04, 0.05) ** < 0.001 35.4 (1.3) 0.03 (0.02, 0.04) **
Binary variables Prevalence (%) OR (per year)h 95 % CI Prevalence (%) OR (per year)h 95 % CI p-value Prevalence (%) OR (per year)h 95 % CI
Multiparity 60.2 1.01 (1.00, 1.02) ** 59.8 0.98 (0.97, 0.99) ** 0.486 59.0 0.96 (0.94, 0.98) **
Teenage mother 2.7 0.94 (0.91, 0.96) ** 2.3 0.98 (0.94, 1.01) 0.014 naf -
Smoker 25.1 0.98 (0.97, 0.99) ** 13.8 0.91 (0.89, 0.92) ** < 0.001 naf -
Diabetes 0.6 1.00 (0.95, 1.07) 1.7 1.13 (1.08, 1.18) ** < 0.001 naf -
Preeclampsia 2.9 1.14 (1.10, 1.17) ** 4.7 1.00 (0.97, 1.03) < 0.001 naf -
Birth after 40 weeks GAi 53.3 1.03 (1.01, 1.04) ** 53.2 0.97 (0.96, 0.98) ** 0.821 58.1 0.95 (0.93, 0.97) **
Induction of labour 4.6 1.16 (1.13, 1.19) ** 13.7 1.09 (1.07, 1.11) ** < 0.001 naf -
Caesarean section 10.0 1.03 (1.02, 1.05) ** 13.9 1.02 (1.00, 1.03) * < 0.001 naf -
Maternal BMI < 18.5 kg/m2 naf - 3.4 0.99 (0.96, 1.02) naf naf -
Maternal BMI > 25 kg/m2 naf - 24.1 1.01 (1.00, 1.02) naf naf -
Maternal BMI > 30 kg/m2 naf - 13.5 1.04 (1.02, 1.06) ** naf naf -
Birth weight < 2500 grams 1.0 1.02 (0.98, 1.07) 1.0 1.02 (0.97, 1.08) 0.549 0.4 1.08 (0.91, 1.29)
Birth weight < 10 percentile 7.5 1.00 (0.99, 1.02) 7.4 1.01 (0.99, 1.04) 0.687 6.1 1.03 (0.99, 1.08)
Birth weight > 90 percentile 11.4 1.03 (1.01, 1.04) ** 11.2 0.98 (0.97, 1.00) 0.671 8.8 0.96 (0.93, 1.00) *
Birth weight > 4500 grams 4.0 1.04 (1.02, 1.07) ** 3.9 0.95 (0.92, 0.98) ** 0.530 2.5 0.93 (0.87, 0.99) *
aVariation between 16319–17848; bVariation between 13785–15240; cVariation between 4138–4214; d Age 21–37 years, normal weight (BMI 18.5-24.99), non-smoker, and without diabetes, preeclampsia, assisted
reproduction, moderate/severe chronic disease, psychiatric disease, substance abuse, thromboembolic episode or known elevated risk, prior hypertension , induction of birth or caesarean section and difference
between expected dates of delivery based on assessments from ultrasound and last menstrual period < 14 days; eSimple linear regression analysis on year; fNot applicable; gBody mass index; hOdds ratio from logistic
regression analysis on year; iGestational age; jData on a period with increasing mean birth weight and proportion of large infants (1989–2000) are compared with those of a period with declining mean birth weight
and proportions of large infants (2001–2010); * p < 0.05; ** p < 0.005.
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http://www.biomedcentral.com/1471-2458/12/901physical activity were based on the national databases
and described in terms of time trends and visualized
graphically and in tables (e.g. Figure 2, lower panel), thus
representing an ecological approach.
The regional database was established as a health care
quality control register supplementing ordinary patient
records. Anonymous data was extracted for analyses. Re-
search on anonymous registry data is routinely exempt
from ethical review and informed consent requirements
by the ethics research committees in Norway.
Results
Regional cohort characteristics and trends
For the years 1989–2010, 40812 mother-infant dyads
were registered in the database accounting for 99.9 % of
those registered for the county in the MBRN. Of these,
97% were Caucasians and 33088 (81%) were eligible for
this study (Figure 1). Of the 15240 dyads included dur-
ing 2001–2010, 4214 (27.7%) constituted the homoge-
neous subset. EDD was based on ultrasound assessment
for 98.8%.
Proportions of pregnancies with diabetes, preeclamp-
sia, induction of labor and caesarean sections increased
while the proportion of smokers decreased during the
study period (Table 1). Other trends with possible sig-
nificance for BW showed partly opposite directions
(Table 1). From 1989/90 to 2001/02 the mean (standard
deviation (SD)) BW increased from 3580 (453) grams to
3633 (493) grams (p<0.001), and subsequently decreased
to 3583 (481) grams in 2009/10 (p<0.001, Figure 2). The
macrosomia rate increased from 2.6% to 4.8 % (p<0.001)
and subsequently decreased to 3.3 % (p=0.002, Figure 2).
Mean PI showed the same trend. Trends in BW, PI and
macrosomia did not change after adjusting for exposure
variables known for the whole period using MFPR and
logistic regression. The proportion of newborns with
BW < 2500 grams did not change during the period.
The adjusted effect of YOB on BW remained curvilinear
(Figure 2), modeled as the following partial predictor
3622:199þ 61:91863
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
YOBþ 1
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 3
 1:783
 !
: ð1Þ
The MFPR estimated BW increase was 27 grams prior
to 2001/02 and the reduction was 45 grams thereafter
(1989–2010 model, without PP-BMI and GWG). This
MFPR model explained 23.5 % of the variance in BW.
From 2001/02 to 2009/10 mean (SD) PP-BMI
increased from 24.36 (4.44) to 24.85 (5.02) kg/m2
(p<0.001), and mean (SD) GWG decreased from 14.79
(5.85) to 13.86 (5.79) kg (p<0.001). Adding thesepredictors and maternal height as exposure variables did
not alter the declining trend in mean BW and rate of
macrosomia. MFPR derived adjusted effect of YOB on
BW was linear and negative, with an estimated (partial
prediction) BW reduction of 51 grams (2001–2010
model, with PP-BMI and GWG). The adjusted odds
ratio for macrosomia was 0.93 (95% CI: 0.90 to 0.96).
The homogeneous subset did not differ in any essential
ways from that of the whole cohort born during 2001–
2010 (Table 1). The 2001–2010 MFPR models explained
35.2 % of the variance in BW for all and 32.8 % for the
homogeneous subset.
Adjusted effects of significant exposure variables on
BW are presented in Table 2, and the net effect (esti-
mated from time trends) of significant predictors on
change in BW from 2001/02 to 2009/10 are given in
Table 3. Of the 50 grams observed reduction in mean
BW from 2001/02 to 2009/10 the combined estimated
net effect of the known individual level predictors
explained 6 grams, leaving 44 grams unexplained.National data on nutrition and physical activity
The reported national mean per capita daily caloric in-
take did not change during the study period; it was
2370 kcal in 1989–91, 2230 kcal in 1999–01 and 2250 kcal
in 2007–09. Household consumption of main nutrients
showed minimal variation. A small reduction in energy
from carbohydrates (from 51% to 49%) was compensated
by small increases in energy from protein (13% to 15%)
and fat (35% to 36%). The annual per capita gross con-
sumption (based on imports) of added sugars, included
that of SSB, increased 5 kg to 45 kg during the 1990s and
subsequently decreased 13 kg after year 2000, and the
reported per capita daily energy contribution from sugar
increased from 14 % in 1989–91 to 15 % in 1999–01, and
decreased to 13 % in 2007–09.
Consumption of SSB showed a curve similar to that of
the unadjusted and adjusted BW, with an increase and
subsequent decrease of approximately 30 liters (3 kg
sugar) per person per year (Figure 2). Consumption of
other important individual or groups of food items ei-
ther changed minimally (rice, eggs, cream, butter), or
showed continuous increases (cereals, meat, cheese,
vegetables, fruit juices, chocolate) or decreases (milk,
margarine, potatoes) through the whole 22-year study
period. None showed anything like the convex trend of
sugar and SSB.
There was a steady increase in the proportion of 20–
40 year old women who did leisure time physical activity
more often than weekly, rising from 31.6 % in 1989 to
48 % in 1999 and 57.3 % in 2009. In the Norwegian
population as a whole there was an increase in sedentary
working conditions until last registration in 2002.
Table 2 Adjusteda effect of various exposure variables on birth weight in the regional (Oppland county) cohort
Births 1989-2010b (n = 31070) Births 2001-2010c (n = 13548) Homogeneous subseti 2001-2010c(n = 4136)
Predictorsd Be, grams (95% CI) Be, grams (95% CI) Be, grams (95% CI)
Year of delivery (per year) −1 f (−2, 0) −7 (−4, -9) −5 (−9, -1)
Mother’s age (per year) −1 (−2, 0) −1 (−3, 0) −1 (−4, 2)
Mother’s height (per 1 cm) nag 13 (12, 14) 13 (11, 15)
Pre-pregnancy BMIh (per kg/m3) nag 22 (21, 24) 26 (19, 32)
Gestational weight gain (per kg) nag 18 (17, 19) 19 (16, 21)
Gestational age (per day) 25 (24, 25) 22 (21, 23) 22 (20, 23)
Male sex 104 (96, 115) 99 (86, 112) 78 (56, 100)
Multiparity 167 (156, 178) 181 (166, 195) 179 (155, 204)
Smoking −171 (−183, -159) −180 (−199, -160) naj
Preeclampsia −31 (−56, -6) −81 (−113, -49) naj
Diabetes 371 (326, 417) 298 (246, 350) naj
Thromboembolism −60 (−119, -1) −97 (−155, -39) naj
Prior premature birth −96 (−141, -51) −79 (−131, -27) −81 (−169, 7)
Prior caesarean section 32 (10, 55) 39 (10, 67) −94 (−171, -17)
Anaemia 82 (55, 110) 106 (77, 135) 97 (41, 152)
Oligohydramnion −265 (−292, -238) −257 (−284, -229) −245 (−306, -184)
Polyhydramnion 299 (251, 347) 255 (205, 304) 282 (177, 386)
aMultiple linear regression analysis; bMaternal prepregnant weight and gestational weight gain not included; cMaternal prepregnant weight and gestational
weight gain included; dinitially tested but non-significant predictors excluded from the final model: teenage pregnancy, marital status, occupational status,
assisted reproductive technology, chronic disease, psychiatric disease, substance abuse, isolated hypertension in pregnancy, allergies, asthma, cervical conisation,
haemoglobin > 13.5 gram/dl, bleeding in pregnancy, hyperemesis, infections in pregnancy, and a composite of complications related to placenta, foetal
membranes, foetal distress, rhesus-immunisation; eChange in birth weight (grams) per one unit change in predictor; fEffect estimates vary from positive during
1989–2000 to negative during 2001–2010; gData not available before 2001; hBody mass index; iAge 21–37 years, normal weight (BMI 18.5-24.99), non-smoker, and
without diabetes, preeclampsia, assisted reproduction, moderate/severe chronic disease, psychiatric disease, substance abuse, thromboembolic episode or known
elevated risk, prior hypertension , induction of birth or caesarean section and difference between expected dates of delivery based on assessments from
ultrasound and last menstrual period < 14 days; jNot applicable.
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In this regional Norwegian cohort of infants born at
term a temporary increase in mean BW, PI and propor-
tion with macrosomia was not explained by changes in
obstetric practice, maternal BMI, GWG, smoking habits,Table 3 Levelsa of important predictors, and estimated effect
cohort from 2001/2002 to 2009/2010, Oppland county)
2001/2002
mean (95% CI)
PP-BMIc , kg/m2 24.36 (24.19, 24.52)
GWGd, kg (mean, 95% CI) 14.79 (14.57, 15.01)
Gestational age, days (mean) 279.9 (279.6, 280.2)
prevalence %
Proportion smoking (%) 19
Proportion diabetese (%) 1.0
Proportion multiparity (%) 61.3
Total effect of above exposures
aFor continuous variables: effect sizes from multiple regression analyses (Table 2) w
difference in number of exposed (calculated on basis of the mean number in 2009/
and divided by the mean number of births during 2009/2010; bEstimated effect on
mass index; dGestational weight gain; eGestational diabetes included.or morbidity during pregnancy. Nor could it be explained
by changes in nutritional intakes or energy requirements
as estimated from national consumer data, except possibly
by a parallel change in consumption of sugar, in large part
as SSB.s of changes over time on birth weight (the regional
2009/2010 Effect on birth weight (grams)b
mean (95% CI)
24.85 (24.67, 25.03) +11
13.86 (13.65, 14.06) −16
279.2 (279.0, 279.5) −15
prevalence %
10 +16
2.6 +4
57.8 −6
−6
ere multiplied by actual changes in mean values. For dichotomous variables:
2010, i.e. 1650) multiplied by the effect size of the exposure variable (Table 2),
difference in birth weight from 2001/2002 to 2009/2010; cPre-pregnancy body
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design, almost complete participation, and consistent
methods of obtaining data in the regional cohort. The
weaknesses were the lack of data on maternal PPW and
GWG prior to 2001, and lack of data on nutrition and
physical activity during pregnancy. However, we suggest
that estimates of changes in nutritional habits and physi-
cal activity from national surveys may be valid since the
BW and macrosomia curves of this cohort were identical
to those of all births in Norway [4,5] indicating that
the studied cohort was representative of the Norwegian
pregnancy population, and assuming that nutritional
preferences of pregnant women did not differ signifi-
cantly from those of the general population. The as-
sumption that pregnant women consumed SSB similar
to the national average is further supported by studies
on Norwegian pregnant women during the studied
period [12,13]. Furthermore, data on national consump-
tion of food items and physical activity were consistently
registered during the period [8] ([Norwegian Monitor
1989–2009, Synovate], Gunnar Breivik, personal com-
munication, 2011).
Previous findings that increasing PP-BMI and GWG
are associated with increasing BW and proportion of
large newborns [17,18] were confirmed in the present
study, but within the observed range their effects on BW
were limited in the present study. Norwegian cohort
studies have shown that women of reproductive age
increased their BMI and obesity rate from the late 1980s
till 2008 [19-21], and the mean PP-BMI of our cohort
also increased from 2001 to 2010. It is therefore likely
that PP-BMI increased continuously during 1989–2010
and therefore cannot explain the convex BW curve, al-
though an estimated increase in BMI of 1.5-2.5 kg/m2
during the 1990’s, which has been the reported range of
increase among women of childbearing age [19,20], may
account for part of the unexplained increase in BW seen
prior to year 2000. We have no reliable Norwegian data
on GWG during 1989–2000. However, based on the
small net modifying effect of this variable on the BW de-
velopment during 2001–2010, it is unlikely that changes
in GWG had a major influence.
The constant national consumption of energy and na-
tionally stable composition of major nutrients during the
study period suggest that the BW changes were not
caused by changes in overall nutrition other than intakes
of sugar, particularly from beverages. It is also unlikely
that changes in physical activity, as seen nationally in
women of fertile age, had a modifying effect on nutri-
tional balance in a way fitting the BW curve. We there-
fore suggest that the development of mean BW and
proportion with macrosomia was largely due to changes
in consumption of rapidly absorbable sugar, and that the
effect of sugar was more related to sugar consumptionper se than through changes in maternal PPW and
GWG. The effect of 44 grams unexplained change in
mean BW in our regional cohort may seem small, but
considering a cohort effect and the large difference in
proportion with macrosomia, which may possibly reflect
an uneven distribution of sugar consumers among preg-
nant women or different sensitivity on part of the fetus
to the effect of sugar, the potential significance for later
OWOB may be substantial.
Increasing BW and proportion of large newborns until
around 2000 [17,22-27] and subsequent leveling-off or
decrease [24,25,28-31] have been reported from several
countries, e.g. the US, UK, Australia, Germany and Swe-
den. Increasing maternal PP-BMI, GWG, and rates of
gestational diabetes, and lower smoking rates have been
suggested as causes for increase [17,26,32], but the re-
cent leveling-off or decreases in BW parameters have oc-
curred despite reports of unchanged trends in these
exposures [25,28,30]. Suggested causes of lack of further
increases in BW parameters have been that large fetuses
tend to result in earlier spontaneous delivery [33,34],
and that changes in obstetric practices have affected BW
trends, e.g. through reduced GA due to frequent induc-
tion of labor and elective caesarean section in general
[23,25,28,29], in obese women [35], when large babies
are expected [36], or to avoid postmaturity [28,37]. In
the present study the effect of decreasing GA on BW
was adjusted for without altering the overall trend in
BW.
The notion that consumption of rapidly absorbed
sugar may increase BW may be supported by similarities
of BW patterns and reported SSB consumption patterns
in other countries, such as the US, UK, Australia and
Sweden [38-41], and by reports that sugar from SSB has
contributed significantly to total energy intake in women
of reproductive age [13,42,43]. A small study has sug-
gested that diets during pregnancy with a high glycemic
index may result in increased BW [44] although no con-
clusion on this issue could be drawn in a recent system-
atic review [45]. Whether intake of rapidly absorbed
sugar may have a specific effect on BW, either through
changes in maternal weight or directly on the fetus, has
to our knowledge not been addressed, although such an
interpretation may be surmised from a recent study [46].
Studies in non-diabetics have shown a positive rela-
tionship between fasting and non-fasting blood glucose
levels and frequencies of blood glucose peaks during
pregnancy and BW, macrosomia and neonatal adiposity
[47-50]. SSB contain sucrose or high-fructose corn-
syrup, and may cause rapid and marked increases in
blood glucose [51,52]. High or frequent intakes may par-
ticularly cause hyperglycemia in subjects with reduced
insulin sensitivity, such as during pregnancy [53].
Increased blood glucose in the mother, and therefore
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[54] and increased fetal growth since insulin is an im-
portant fetal growth hormone [55]. Additionally, post-
prandial glucose peaks in the mother may possibly result
in glucose peaks higher than the renal threshold in the
fetus leading to increased glucose in amniotic fluid and
enhanced insulin production from prolonged intestinal
absorption of ingested amniotic fluid [56]. The fructose
content in SSB may also contribute to increased BW by
causing increased levels of plasma triglycerides (TG)
[52] and elevated plasma glucose because of reduced
hepatic insulin sensitivity [57]. TGs are transferred to
the fetus, and maternal levels correlate with BW [58].
It is intriguing that BW in our region and in Norway
started to increase at the time when large recappable
soft drink bottles, which may encourage frequent and
large intakes, became available in Norway [59], that
mean BW and proportion of large babies increased and
decreased in parallel to the national consumption of
sugar and SSB in a way that could not be reliably
explained by individual level effects on maternal weight
in our regional cohort, and that the average increase in
national sugar consumption during the period of in-
creasing BW largely could be explained by the increasing
use of SSB. The reduction in sugar consumption based
on gross national sugar imports was larger after 2000
(13 kg) than the increase during the 1990s (5 kg). These
changes were estimates from data obtained 5–10 years
apart and contain a number of acknowledged uncertain-
ties, e.g. in relation to size of a national emergency stor-
age [8,60]. These estimates are, therefore, less reliable
with respect to yearly consumption than estimates based
on annual surveys of a representative proportion of the
Norwegian population by Statistics Norway which did
not show dramatic changes in sugar intakes, and the an-
nual sales of SSB which were parallel to the BW curve.
Conclusion
In our regional cohort the known predictors of BW
could not explain the observed temporal changes in BW
and macrosomia, and on basis of the observed national
time trends in nutrition and physical activity we there-
fore suggest that increased fetal growth may at least
partly be explained by a direct effect of rapidly absorb-
able sugar, largely from high and frequent intakes of
SSB. If true, the suggested effect of sugar on fetal and
possibly later health may be of great concern, and this
issue needs to be explored more specifically, e.g. through
large cohort studies where detailed data on nutrition
and physical activity during pregnancy are included.
Diets rich in fiber and low in added sugar may contrib-
ute to glycemic control [61]. Whether such or other
diets pertaining to avoid excessive blood glucose levels
may be of benefit for fetal growth ought to be explored.Abbreviations
BW: birth weight; PP-BMI: pre-pregnancy body mass index; GWG: gestational
weight gain; SD: standard deviation; SSB: sugar-sweetened beverages;
OWOB: overweight and obesity; MBRN: Medical Birth Registry of Norway;
EDD: estimated date of delivery; PPW: pre-pregnancy weight; PI: ponderal
index; CI: confidence intervals; OR: odds ratio; MFPR: multiple fractional
polynomial regression; YOB: year of birth; TG: triglycerides.
The authors have not published or submitted any related papers from this
study.
Competing interests
The author(s) declare that they have no competing interests. All authors
have completed and submitted the ICMJE Form for Disclosure of Potential
Conflicts of Interest, and none were reported.
Additional contributions
We thank Gunnar Breivik, Professor, Department of Cultural and Social
Studies, Norwegian School of Sport Sciences, for providing data on
recreational physical activity in women of reproductive health (personal
communication).
Authors’ contributions
JHG participated in drafting the study concept and design, performed
statistical analyses and interpretation of data, and drafted and critically
revised the manuscript. TM participated in drafting the study concept and
design, analyses and interpretation of data, and drafting and revising the
manuscript. JN was responsible for acquisition of data, participated in
drafting the study concept and design, analyses and interpretation of data,
and revising of the manuscript. GEE participated in statistical analysis and
interpretation of data, and revision of the manuscript. All authors read and
approved the final manuscript.
Funding
This study was supported by an unrestricted grant from the South-Eastern
Norway Regional Health Authority. The funding source did not play any role
in the design and conduct of the study; in the collection, management,
analysis, or interpretation of the data; or in the preparation, review, or
approval of the manuscript.
Author details
1Department of Pediatrics, Innlandet Hospital Trust, Lillehammer, Norway.
2Department of Obstetrics and Gynecology, Innlandet Hospital Trust,
Lillehammer, Norway. 3Centre for Clinical Research, Haukeland University
Hospital, Bergen, Norway. 4Department of Public Health and Primary Health
Care, University of Bergen, Bergen, Norway. 5Department of Research,
Innlandet Hospital Trust, Brumunddal, Norway. 6Department of Clinical
Medicine, University of Bergen, Bergen, Norway.
Received: 19 April 2012 Accepted: 17 October 2012
Published: 24 October 2012
References
1. Yu ZB, Han SP, Zhu GZ, Zhu C, Wang XJ, Cao XG, et al: Birth weight and
subsequent risk of obesity: a systematic review and meta-analysis. Obes
Rev 2011, 12:525–542.
2. McMillen IC, Robinson JS: Developmental origins of the metabolic
syndrome: prediction, plasticity, and programming. Physiol Rev 2005,
85:571–633.
3. Heerwagen MJ, Miller MR, Barbour LA, Friedman JE: Maternal obesity and
fetal metabolic programming: a fertile epigenetic soil. Am J Physiol Regul
Integr Comp Physiol 2010, 299:R711–R722.
4. [Birth weight - facts. Figure 1: Mean birth weight in live born children
1967–2008]. The Norwegian Medical Birth Registry: The Norwegian National
Institute of Public Health. 9-11-2011. Ref Type: Electronic Citation; 2009.
5. [Birth weight - proportion with low and high birth weight: Figure 2:
Proportion of children with high birth weight (4500 grams or higher)]. The
Norwegian Medical Birth Registry: The Norwegian National Institute of
Public Health. 9-11-2011. Ref Type: Electronic Citation; 2011.
Grundt et al. BMC Public Health 2012, 12:901 Page 10 of 11
http://www.biomedcentral.com/1471-2458/12/9016. Eik-Nes SH, Grøttum P, Jørgensen NP, Løkvik B: [Normal range curves for BPD
and MAD]. Norway, Scand: Medical a/s Drammen. Ref Type: Report; 1983.
7. Ponderal index Wikipedia: 24-7-0012. Ref Type: Online Source; 2012.
8. [The development in Norwegian diet 2010. Food availability statistics and
consumer surveys]. IS-1873: Oslo, Norway. Report: The Norwegian
Directorate for Health. Ref Type; 2011.
9. Mørk E, Willand-Evensen E. [Household Consumption - A comparison of The
Consumer Survey and The National Accounts]. -73: Statistics Norway. Report:
Ref Type; 2004.
10. Gustavsen GW: [Aggregate demand for carbonated beverages - Effects of tax
changes in households with different consumption levels]. -13. Oslo,
Norway: Norwegian Agricultural Economics Research Institute. Ref Type:
Report; 2004.
11. [Sales figures, Carbonated beverages]: he Norwegian Brewers and Beverage
Producers Association.: he Norwegian Brewers and Beverage Producers
Association. 15-1-2012. Ref Type: Electronic Citation; Norway.
12. Clausen T, Djurovic S, Henriksen T: Dyslipidemia in early second trimester
is mainly a feature of women with early onset pre-eclampsia. BJOG 2001,
108:1081–1087.
13. Siega-Riz AM, Haugen M, Meltzer HM, Von HA, Hamer R, Torgersen L, et al:
Nutrient and food group intakes of women with and without bulimia
nervosa and binge eating disorder during pregnancy. Am J Clin Nutr
2008, 87:1346–1355.
14. Johansson L, Solvoll K. [Norkost 1997. Nationwide nutritional survey among
men and women aged 16–79 years. Report nr. 2/1999]: Norwegian national
council on nutrition and physical activity. Report: Ref Type; 1999.
15. Anderssen SA, Engeland A, Sogaard AJ, Nystad W, Graff-Iversen S, Holme I:
Changes in physical activity behavior and the development of body
mass index during the last 30 years in Norway. Scand J Med Sci Sports
2008, 18:309–317.
16. Royston P, Sauerbrei W: Multivariable Model-building. John Wiley & Sons Ltd:
A pragmatic approach to regression analysis based on fractional
polynomials for modelling continuous variables; 2008.
17. Kramer MS, Morin I, Yang H, Platt RW, Usher R, McNamara H, et al: Why are
babies getting bigger? Temporal trends in fetal growth and its
determinants. J Pediatr 2002, 141:538–542.
18. Nohr EA, Vaeth M, Baker JL, Sorensen TI, Olsen J, Rasmussen KM: Combined
associations of prepregnancy body mass index and gestational weight
gain with the outcome of pregnancy. Am J Clin Nutr 2008,
87:1750–1759.
19. Droyvold WB, Nilsen TI, Kruger O, Holmen TL, Krokstad S, Midthjell K, et al:
Change in height, weight and body mass index: Longitudinal data from
the HUNT Study in Norway. Int J Obes (Lond) 2006, 30:935–939.
20. Reas DL, Nygard JF, Svensson E, Sorensen T, Sandanger I: Changes in body
mass index by age, gender, and socio-economic status among a cohort
of Norwegian men and women (1990–2001). BMC Public Health
2007, 7:269.
21. Health Interview Survey 2008. Figure: Prevalence of obesity among women,
by age. 1998, 2002, 2005, 2008. Statistics Norway. 2009. Statistics Norway:
15-1-2012. Ref Type: Electronic Citation; 2008.
22. Ananth CV, Wen SW: Trends in fetal growth among singleton gestations
in the United States and Canada, 1985 through 1998. Semin Perinatol
2002, 26:260–267.
23. Bell R: Trends in birthweight in the north of England. Hum Fertil (Camb )
2008, 11:1–8.
24. Maher J, Macfarlane A: Trends in live births and birthweight by social
class, marital status and mother's age, 1976–2000. Health Stat Q
2004, 34–42.
25. Lahmann PH, Wills RA, Coory M: Trends in birth size and macrosomia in
Queensland, Australia, from 1988 to 2005. Paediatr Perinat Epidemiol 2009,
23:533–541.
26. Surkan PJ, Hsieh CC, Johansson AL, Dickman PW, Cnattingius S: Reasons for
increasing trends in large for gestational age births. Obstet Gynecol 2004,
104:720–726.
27. Jährig K, Jährig D, Voight M: Krentz H: [Trends in Anthropometric Data for
Pregnant Women and Birth Weight in Germany - Is the Prevalence of
Obesity in Pregnant Women on the Increase?]. Aktuelle Ernährungsmedizin
2009, 34:15–18.
28. Donahue SM, Kleinman KP, Gillman MW, Oken E: Trends in birth weight
and gestational length among singleton term births in the United
States: 1990–2005. Obstet Gynecol 2010, 115:357–364.29. Zhang X, Joseph KS, Kramer MS: Decreased term and postterm
birthweight in the United States: impact of labor induction. Am J Obstet
Gynecol 2010, 203:124–127.
30. Bennis M, Gottvall K, Stephansson O: [Pregnancies, Deliveries and Newborn
Infants. The Swedish Medical Birth Register 1973–2009. Socialstyrelsen 2011-3-
19. 2011. Official Statistics of Sweden. Statistics - Health and Medical Care:
Assisted reproduction, treatment 1991–2008]. Edited by The National Board
of Health and Welfare; 2012:15–1.
31. Schiessl B, Beyerlein A: Lack N, von KR: Temporal trends in pregnancy
weight gain and birth weight in Bavaria 2000–2007: slightly decreasing
birth weight with increasing weight gain in pregnancy. J Perinat Med
2009, 37:374–379.
32. Orskou J, Henriksen TB, Kesmodel U, Secher NJ: Maternal characteristics
and lifestyle factors and the risk of delivering high birth weight infants.
Obstet Gynecol 2003, 102:115–120.
33. Lackman F, Capewell V: Richardson B, daSilva O, Gagnon R: The risks of
spontaneous preterm delivery and perinatal mortality in relation to size
at birth according to fetal versus neonatal growth standards. Am J Obstet
Gynecol 2001, 184:946–953.
34. Morken NH, Kallen K, Jacobsson B: Fetal growth and onset of delivery: a
nationwide population-based study of preterm infants. Am J Obstet
Gynecol 2006, 195:154–161.
35. Poobalan AS, Aucott LS, Gurung T, Smith WC, Bhattacharya S: Obesity as an
independent risk factor for elective and emergency caesarean delivery
in nulliparous women–systematic review and meta-analysis of cohort
studies. Obes Rev 2009, 10:28–35.
36. Boulet SL, Alexander GR, Salihu HM: Secular trends in cesarean delivery
rates among macrosomic deliveries in the United States, 1989 to 2002.
J Perinatol 2005, 25:569–576.
37. Davidoff MJ, Dias T, Damus K, Russell R, Bettegowda VR, Dolan S, et al:
Changes in the gestational age distribution among U.S. singleton births:
impact on rates of late preterm birth, 1992 to 2002. Semin Perinatol 2006,
30:8––15.
38. Brownell KD, Farley T, Willett WC, Popkin BM, Chaloupka FJ, Thompson JW,
et al: The public health and economic benefits of taxing sugar-
sweetened beverages. N Engl J Med 2009, 361:1599–1605.
39. Innovation T, The 2009 UK Soft Drinks Report.: British Soft Drinks Association.
Report: Ref Type; 2009.
40. Hector D, Rangan A, Louie J, Flood V, Gill T: Soft Drinks, Weight Status and
Health: A Review. Sydney. Prevention Research Collaboration, University of
Sydney) project for NSW Health: A NSW Centre for Public Health Nutrition
(now known as Cluster for Public Health Nutrition; 2009.
41. [Soft drink sales statistics]: Swedish Breweries. 15-1-2012. Ref Type: Electronic
Citation. Swedish Breweries: Edited by Swedish Breweries; 2010.
42. Bleich SN, Wang YC, Wang Y, Gortmaker SL: Increasing consumption of
sugar-sweetened beverages among US adults: 1988–1994 to 1999–2004.
Am J Clin Nutr 2009, 89:372–381.
43. Barquera S, Hernandez-Barrera L, Tolentino ML, Espinosa J, Ng SW, Rivera JA,
et al: Energy intake from beverages is increasing among Mexican
adolescents and adults. J Nutr 2008, 138:2454–2461.
44. Moses RG, Luebcke M, Davis WS, Coleman KJ, Tapsell LC, Petocz P, et al:
Effect of a low-glycemic-index diet during pregnancy on obstetric
outcomes. Am J Clin Nutr 2006, 84:807–812.
45. Louie JC, Brand-Miller JC, Markovic TP, Ross GP, Moses RG: Glycemic index
and pregnancy: a systematic literature review. J Nutr Metab 2010,
201:282464.
46. Phelan S, Hart C, Phipps M, Abrams B, Schaffner A, Adams A, et al: Maternal
behaviors during pregnancy impact offspring obesity risk. Exp Diabetes
Res 2011, 201(1):985139.
47. Study HAPO: Cooperative Research Group, Metzger BE, Dyer AR, Trimble
ER, Chaovarindr U, Coustan DR et al.: Hyperglycemia and adverse
pregnancy outcomes. N Engl J Med 2008, 358:1991–2002.
48. Ong KK, Diderholm B, Salzano G, Wingate D, Hughes IA, MacDougall J, et al:
Pregnancy insulin, glucose, and BMI contribute to birth outcomes in
nondiabetic mothers. Diabetes Care 2008, 31:2193–2197.
49. HAPO Study Cooperative Research Group: Hyperglycemia and Adverse
Pregnancy Outcome (HAPO) Study: associations with neonatal
anthropometrics. Diabetes 2009, 58:453–459.
50. Taslimi MM, Navabi K, Acosta R, Helmer A, El-Sayed YY: Concealed maternal
blood glucose excursions correlate with birth weight centile. J Diabetes
Sci Technol 2008, 2:456–460.
Grundt et al. BMC Public Health 2012, 12:901 Page 11 of 11
http://www.biomedcentral.com/1471-2458/12/90151. Lee BM, Wolever TM: Effect of glucose, sucrose and fructose on plasma
glucose and insulin responses in normal humans: comparison with
white bread. Eur J Clin Nutr 1998, 52:924–928.
52. Stanhope KL, Bremer AA, Medici V, Nakajima K, Ito Y, Nakano T, et al:
Consumption of Fructose and High Fructose Corn Syrup Increase
Postprandial Triglycerides, LDL-Cholesterol, and Apolipoprotein-B in
Young Men and Women. J Clin Endocrinol Metab 2011, 96:E1596–E1605.
53. Stanley K, Fraser R, Bruce C: Physiological changes in insulin resistance in
human pregnancy: longitudinal study with the hyperinsulinaemic
euglycaemic clamp technique. Br J Obstet Gynaecol 1998, 105:756–759.
54. Pedersen J: Diabetes and Pregnancy. Copenhagen: Blood sugar of newborn
infants. PhD Thesis. Copenhagen, Danish Science Press; 1952.
55. Langer O: Fetal macrosomia: etiologic factors. Clin Obstet Gynecol 2000,
43:283–297.
56. Rendell MS, Jovanovic L: Targeting postprandial hyperglycemia.
Metabolism 2006, 55:1263–1281.
57. Nseir W, Nassar F, Assy N: Soft drinks consumption and nonalcoholic fatty
liver disease. World J Gastroenterol 2010, 16:2579–2588.
58. Nolan CJ, Riley SF, Sheedy MT, Walstab JE, Beischer NA: Maternal serum
triglyceride, glucose tolerance, and neonatal birth weight ratio in
pregnancy. Diabetes Care 1995, 18:1550–1556.
59. Gustavsen GW, [Trends in consumption of carbonated beverages] 12: Oslo,
Norway. Report: Norwegian Agricultural Economics Research Institute.
Ref Type; 2003.
60. [The development in Norwegian diet 2007. Food availibility statistics and
consumer surveys]. IS-1510: Oslo, Norway. Report: The Norwegian
Directorate for Health. Ref Type; 2008.
61. Azadbakht L, Surkan PJ, Esmaillzadeh A, Willett WC: The Dietary
Approaches to Stop Hypertension eating plan affects C-reactive protein,
coagulation abnormalities, and hepatic function tests among type 2
diabetic patients. J Nutr 2011, 141:1083–1088.
doi:10.1186/1471-2458-12-901
Cite this article as: Grundt et al.: Possible relation between maternal
consumption of added sugar and sugar-sweetened beverages and birth
weight – time trends in a population. BMC Public Health 2012 12:901.Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
